Two field experiments were carried out at Desert Research Center (D.R.C.), Agricultural Experiment Station (27°47.7 42 N, 30°24.7 63 E), EL-Kharga Oasis, New Valley Governorate during the two growing seasons of 2016 and 2017 to study the effect of irrigation systems (surface, advanced surface, drib and sprinkler irrigation) and calcium foliar application levels (0, 2, 4 and 6 cm 3 Ca/ L) on productivity and quality of peanut (Arachis hypogaea L.) under New Valley conditions. Results showed that the effect of irrigation systems on all studied parameters were significant. The lowest values of number of pods plant -1 , pods weight plant -1 , 100 seed weight, pods yield and seed yield were obtained when surface irrigation system was applied, while maximum values were when sprinkler irrigation system in both seasons. However, the difference between this irrigation system and drip irrigation was not significant in both seasons. The lowest values of harvest index (%), shelling (%), oil seed yield (kg/ fed.), water use efficiency (kg/ m 3 ) and protein (%) were obtained when surface irrigation was used, while the highest values were obtained when drip irrigation was used in both seasons. On the hand, applying of the drip irrigation system gave the lowest values for phosphorus, calcium, zinc, manganese and iron. Maximum values of the mineral content of seed produced by using advanced surface irrigation system. However, the seed content differences between it and the application of surface irrigation system were insignificant during both seasons. Raising of calcium foliar levels up to 6 cm 3 Ca/ to a significant increase in all studied parameters except, oil seed yield (kg/ fed.), water use efficiency (kg/ m 3 ), phosphorus seed content (%) and Zn seed content (mg/ kg) during both seasons. On the other hand, Mn seed content (mg/ kg) and Fe seed content (mg/ kg) had adverse trend where, maximum values had obtained with control treatment and there was a gradual decrease as concentration of calcium spray application in both seasons. Maximum values of these parameters were produced by 6 cm 3 Ca/ L foliar application in both seasons as compared with (control). However, the difference between spraying with this concentration and spraying with the lowest concentration (4 cm 3 Ca/ L) was not significant with all the studied traits during both seasons. The interaction between irrigation systems and calcium foliar application levels had a significant effect on all studied characters except, Protein (%), phosphorus seed content (%), Zn seed content (mg/ kg) and Fe seed content (mg/ kg) during both seasons. The highest values of studied traits concerning the number of pods plant -1 , pods weight plant -1 (g), 100 seed weight (g), pods yield (kg/ fed.), seed yield (kg/ fed.) and oil seed yield (kg/ fed.) were obtained when sprinkler system and Ca foliar spraying at rate of 6 cm 3 Ca/ L was used both seasons. However, maximum values harvest index (%), shelling (%) and water use efficiency (kg/ m 3 ) were obtained when drib irrigation system and spraying Ca at rate of 6 cm 3 Ca/ L was applied in both seasons. On the other hand, maximum values of Ca seed content (mg/ kg) were obtained at the irrigation by advanced surface system and spraying by the higher rate of calcium (6 cm 3 Ca/ L).Nevertheless, the highest values of Mn seed content (mg/ kg) were obtained at the irrigation by advanced surface system and the control treatment of calcium (without foliar) in both seasons. Therefore, the study recommends that using of sprinkler or drip irrigation system and spraying by the rate of 6 cm 3 Ca/ L for the cultivation of peanut under New Valley conditions.
INTRODUCTION
Peanut (Arachis hypogaea L.) is considered one of the most important edible oil crops in Egypt, which is due to its seeds' high nutritive value for humans, as well as the produced cakes and the green leafy hay for feeding livestock, in addition to the seed oil's importance for industrial purposes. Peanut is an important legume cash crop for the farmers in arid and semi-arid regions and its seeds contain high amounts of edible oil (43-55 %), protein (25-28 %) , carbohydrates (20 %), minerals (2.5 %) and fiber (5 %) (Fageria et. al., 1997) . One of the most important factors affecting productivity peanut during the growth stages and filling pods is an irrigation process through providing amount of water suitable for the stage of growth where, the increase of irrigation led to the formation of molds within the pods and lack led sprinkle seed formation such cases showed decreases in the growth rate. Therefore, modern irrigation systems will be effective in providing optimal water requirements to suit the growth stages, and increasing a hence yield.
Under the conditions of arid and semi-arid regions such as New Valley Governorate, where rainfall is scarce, limited water resources which confined to ground water that represent all life pattern. However, the dominant irrigation system in these areas is surface irrigation. Therefore, conservation of strategic water reserves is the determining factor not only for the success of agriculture, but also for the possibility of horizontal expansion.
Consequently, the use of modern irrigation systems in irrigation operation and scheduling is essential for the reduction of irrigation water demands (Cetin and Bilgel 2012) . Efficient irrigation systems require the selection of an appropriate method for the crop growth, adequate monitoring of the irrigation system and of water delivery and appropriate application rates depending on the growth stage of the crop to maximize the return of water unit used for irrigation. Economic use of water is a vital problem that confronts farmers and agricultural scientists in irrigated areas of arid and semi-arid regions. Knowledge of the right amounts of irrigation water is essential to obtain an economically maximum yield of different crops. Improper irrigation water operating accounts for significant water losses in some large irrigation schemes.
Calcium is one of the most important factors that contribute to maximizing the productivity of peanut. Calcium is the most critical element in the growth and development of peanut seeds and is the main limiting of the peanut production in many parts of the world and perhaps it can said that calcium is the most important and vital element in the peanut production (Harter and Barros 2011) . In fact, calcium is one of the most important nutritional elements to gain high yield and high quality of peanut. Low content of calcium leads to several serious problems for peanut including the production of immature pods, black embryo in the seed, weak germination of seeds and increase production potential of aflatoxin, especially in soils where are suitable for growth and activity of the fungus (Aspergillus flavus) and thus, decays peanut pod (Ismail 2016 and Jan 2017) .
Under high pH conditions, calcium can become insoluble (Malavolta 2006) . So, application of Ca to the leaves (foliar application) is a practice that is now commonly used by farmers to supplement fertilizer in the soil. Thus, continued studies on the subject are justified, particularly because foliar applications are easy to implement and are relatively inexpensive, especially if foliar fertilizer sprays combined with pesticide applications (Evangelista et al., 2016) . Some studies have demonstrated that foliar applications of calcium on peanut can be beneficial and increasing yield and quality (Farinelli et al., 2016) . Also, other investigators have also reported high peanut yields and qualities under calcium foliar application.
The objective of this research is to study the effect of different irrigation systems and calcium foliar application on yield and quality of peanut under New Valley conditions.
MATERIALS AND METHODS

Location of Experiment
Two field experiments were carried out in the Desert Research Center (D.R.C.), Agricultural Experiment Station at EL-Kharga Oasis, New Valley Governorate (27°47.7 42 N, 30°24.7 63 E) during the two growing seasons of 2016 and 2017, to study the effect of different irrigation systems and calcium foliar application on yield and quality of peanut under New Valley conditions. The soil was sandy clay loam texture whereas pH 8.88 to 8.81, organic matter 0.50 and 0.55 %, EC 622 and 594 ppm, available nitrogen 59 and 62 ppm, available phosphorus 0.57 and 0.60 ppm and available potassium 31 and 34 ppm in the first and second seasons respectively. Treatments and experimental design.
Giza 6 cultivar of peanut (Arachis hypogaea L.) was cultivation at 1 st May. Treatments were comprises as three modern irrigation systems as compared of the dominant system (surface irrigation) which were (drip, sprinkler and developed surface irrigation) and three levels of chelate calcium (2, 4 and 6 cm 3 L -1 of water) as a foliar application. A flow meter installed in each irrigation system to calculate the water consumption rate of each irrigation system. The design of the experiment was strip split plot design. Where, irrigation systems were arranged in the vertical strip and calcium foliar application in the horizontal strip with three replications. The area of the experimental unit was 10.5 m 2 (3 m long in 3.5 m width) consisting of five lines with a width of 70 cm and a length of 3 meters and the distance between plants were 25 cm for all irrigation systems.
Inoculants preparation and inoculation
Rhizobium (Okadeen) mixed well with 10 % sugar solution and added to seeds of peanut which spreading on a clean plastic sheet under shading. Seeds of peanut were sprayed whit inoculate suspend after diluted 1:1 with well water and left for dryness for 30 minutes before sowing.
Agricultural practices
The previous crop was wheat during both seasons. During soil preparation, 5 m 4 48 %) was applied when plants aged 45 days from sowing date at the rate of 50 kg /fed were applied. Nitrogen fertilizer in the form ammonium sulfate (20.5 %) in four equal doses, the first after four weeks from planting date and the other doses every two weeks as a solution with irrigation. During the growing period, other standard cultural practices (fertilization, irrigation, weed control, pest and disease control) applied at proper time intervals. The plants harvested by hand when the 60 % of the pods were matured in both growing seasons (1 th of October).
Character studied:
Data were recorded by means of five individual plants with respect to yield and quality parameters which taken at random from each plot representing the three replications. The procedure of recording the various data was carried out in the following manner: number of pods /plant, pods weight /plant, 100 seed weight (g), harvest index (%), shelling (%), pods yield (kg/ fed.), seed yield (kg/ fed.), oil seed yield (kg/ fed.), water use efficiency (WUE) kg/ m 3 , protein (%), seed phosphor content (%), seed Ca content (mg/ kg), seed Zn content (mg/ kg), seed Mn content (mg/ kg) and seed Fe content (mg/ kg). Whereas, harvest index was calculated by the following formula: HI: (Seed yield)/ (biological yield) X 100. Shelling percentage worked out by using the formula as suggested by Beadle (1987) , by dividing weight of seeds/ weight of pods x 100. Oil seed yield kg/ fed. calculated by multiplying seed oil % by seed yield kg/ fed. Water use efficiency (WUE) which calculated using the equation of Vites (1965) for seed yield, as follows: WUE = Seed yield kg fed-1/actual consumptive use m3 /fed. Protein of seed (%) were determined by using the Kjeldahl method (N %) as described by Peach and Tracey (1956) with a conversion factor of 6.25. Ca and P seed content % was calculated according to Official Methods of Analysis of AOAC (2000) . Fe, Mn and Zn seed content mg/ kg were determined as described by Page et. al., (1982) by using Atomic Absorption model GBC 932.
Statistical analysis
All data were subjected to statistical analysis according to procedure outlined by Snedecor and Cochran (1990) . Means of the different treatments were compared using the least significant difference (LSD) test at P<0.05.
RESULTS AND DISCUSSION
Effect of irrigation systems:
Data illustrated in Table ( 1, 2 and 3) showed that watering peanut plants different irrigation systems had a significant effect on all studied traits such as number of pods plant-1, pods weight plant -1 (g), 100 seed weight (g), harvest index (%), shelling (%), pods yield (kg/ fed.), seed yield (kg/ fed.), oil seed yield (kg/ fed.), water use efficiency (WUE) kg/ m 3 , Protein (%), phosphorus seed content (%), Ca seed content (mg/ kg), Zn seed content (mg/ kg), Mn seed content (mg/ kg) and Fe seed content (mg/ kg) during both seasons. In terms of number of pods plant , 100 seed weight (g),pods yield (kg/ fed.) and seed yield(kg/ fed.), the lowest values obtained when using the surface irrigation system, while the highest values obtained when using sprinkler irrigation system in both seasons. However, the difference between this irrigation system and drip irrigation was not significant during both seasons. The highest yield was mainly due to high frequency of irrigation, which in turn maintained the soil moisture content in the active root zone at an adequate level throughout the crop period (Krishnamurthi et al., 2003) . Regarding of harvest index (%), shelling (%), oil seed yield (kg/ fed.), water use efficiency (kg/ m 3 ) and protein (%), the lowest values for these traits were obtained when surface irrigation was used, while the highest values were obtained when drip irrigation was used in both seasons. The increment of these characteristics due to the use of drip irrigation system compared to surface irrigation were 54. 09, 54.98, 12.61, 13.07, 10.15, 10.68, 60.13, 63.77, 30 .84 and 31.12% in the first and second seasons, respectively.
On the other hand, applying drip irrigation system gave the lowest values for the seed content of phosphorus, calcium, zinc, manganese and iron. The highest values were produced by using advanced surface irrigation system. However, the differences between it and the application of surface irrigation system were insignificant in both seasons. The increment of these parameters as a result of applying this irrigation system compared to drip irrigation were 35.24, 35.36, 55.55, 58.46, 37.18, 39.71, 35.03, 36.66 and 30.98 and 33 .76 % for these characteristics in the first and second seasons, respectively. These results may be due to that applying surface irrigation system, whether advanced or normal may be able to dissolve elements, considering that water is the best solvent of nutrients in the soil and evidence was reported that using drip irrigation system had limited water available in rhizospheres and therefore the adsorbed amounts these elements in seeds were decreased. The good effect of applying sprinkler system, tempering the atmosphere surrounding the plant, which reduces the negative impact of heat stress under New Valley conditions. These findings are in harmony with those obtained by El-Boraie et al., (2009); Krishnamurthi et al., (2003) ; Manjunatha et al., (2016); Farinelli et al., (2016) and Varshney and Raghvaiah (2017) .
Effect of calcium foliar application:
Concerning effect of calcium foliar levels on some parameters of peanut, data in Table ( 1, 2 and 3) illustrate that, raising calcium foliar levels up to 6 cm 3 Ca/ L led to a significant increase in all studied parameters except, oil seed yield (kg/ fed.), water use efficiency (kg/ m 3 ), phosphorus seed content (%) and Zn seed content (mg/ kg) in both seasons. On the other hand, Mn seed content (mg/ kg) and Fe seed content (mg/ kg) had adverse trend where, the highest values were obtained with control treatment and there was a gradual decrease whenever concentration of calcium spray was increased during both seasons. The maximum values of these parameters were produced by application of 6 cm 3 Ca/L foliar during both seasons as compared with (control). However, the difference between spraying with this concentration and spraying with the lowest concentration (4 cm 3 Ca/ L) was not significant with all the studied traits in both seasons. The increases percentages outcome the foliar of 6 cm 3 Ca/ L compared with control treatment in number of pods plant -1 were 25.52 and 25.49, pods weight plant-1 (g) were 35.23 and 35.84, 100 seed weight (g) were 27.2 and 27.45, harvest index (%) were 53.31 and 54.46, shelling (%) were 18.68 and 20.41, pods yield (kg/ fed.) were 35.5 and 36.16; seed yield (kg/ fed.) were 27.14 and 27.99, Protein (%) were 15.5 and 18.60 and Ca seed content (mg/ kg) were 60.8 and 65.5 during the first and second seasons, respectively. Concerning Mn seed content (mg/ kg) and Fe seed content (mg/ kg) the increases percentages outcome control treatment compared with the foliar of 6 cm 3 Ca/ L treatment were 36.89 and 37.82 and 34.13 and 34.31 % during the first and second seasons, respectively.
Results indicated that foliar application of 6 cm 3 Ca/ L was quite enough to achieve maximum values of the studied parameters under the current experiment.
The most advanced effect of phosphorus on the plant growth is promoted due to calcium (Ca) application.
Role in plant growth, development and respond to external and internal signals (Reddy 2001 and Kudla et. al., 2010) . Many researches on the effect of Ca in crop plants are reported. For instance , Xu et. al., (2013) reported that Ca could improve the photosynthetic rate of plant under drought conditions. Ca deficiency restrains the growth of meristematic tissues and youngest leaves would become deformed and chlorotic (Marschner 1995) . Calcium deficiency leads to high percentage of aborted seeds (empty pods) and improperly filled pods (Ntare et. al., 2008) .Additionally, Ca supply can promote nitrogen absorption and increase nitrogen use efficiency to make plant active (Mahmood et. al., 2009) . Many researchers pointed out that Ca increase the yield of peanut among them Gashti et. al., (2012); Arnold (2014) and Ismail (2016) and Jan (2017) .
Effect of the interaction between irrigation systems calcium foliar application:
Results in Table ( 1, 2 and 3) indicated that the interaction between irrigation systems and calcium foliar application levels had a significant effects on all studied characters except, protein (%), phosphorus seed content (%), Zn seed content (mg/ kg) and Fe seed content (mg/ kg) during both seasons. Maximum values of studied traits in concerning number of pods plant-1, pods weight plant -1 (g), 100 seed weight (g), pods yield (kg/ fed.), seed yield (kg/ fed.) and oil seed yield (kg/ fed.) were obtained at the irrigation by sprinkler system and spraying plants at rate of 6 cm 3 Ca/ L during both seasons. However, the maximum values harvest index (%), shelling (%) and water use efficiency(kg/ m 3 ) were obtained at the irrigation by drib system and spraying of plants at the rate of 6 cm 3 Ca/ L during both seasons. On the other side, maximum values of Ca seed content (mg/ kg) were obtained when advanced surface system and spraying by the higher rate of calcium (6 cm 3 Ca/ L). Nevertheless, the highest values of Mn seed content (mg/ kg) were obtained at the irrigation by advanced surface system and control treatment of calcium (without foliar) during both seasons. Therefore, the study recommends that using of sprinkler irrigation system or drip irrigation and spraying rate of 6 cm 3 Ca/ L enhanced peanut productivity under New Valley conditions. 
